Floating body and hot carrier effects are thoroughly investigated in deep submicron Nand Pchannel ultra-thin film SO1 MOSFETs for a wide temperature range. A strong reduction of the parasitic bipolar transistor is obtained with decreasing the temperature (at 77K) and with a grounded substrate. However, the action of the PBT is not completely suppressed even at 77K with a body terminal. Substantial deviations from the traditional bell-shaped curves are found for the substrate current in Nand Pchannel SO1 devices and are attributed to the PBT carrier transport. The influence of these special SO1 mechanisms on gate current is also underlined. Finally, original variations of hot carrier effects as a function of the temperature are shown and explained by the aforementioned SO1 electrical properties and the differences between inversion and accumulation-mode devices.
INTRODUCTION
The study of floating body phenomena, mainly the kink effect and the parasitic bipolar transistor (PBT) leading to latch and premature breakdown, is of great interest for S01 MOSFETs. When the body terminal is grounded, these parasitic effects are supposed to be suppressed. However, for moderately thin film fully depleted devices, the body contact is not completely efficient for hole collection (for a Nchannel) leading to a kink effect in the case of a grounded substrate [l ,2] . In the case of ultra-thin Si film the efficiency of a grounded body has not been evaluated. Furthermore, at low temperature, impurity freeze-out can also affect the ability of the contact to collect carriers. On the other hand, the analysis of hot carrier effects is also necessary for the prediction of the long term reliability of MOS devices [3] . Some correlation exists between floating body phenomena and hot carrier effects, but this has not been studied in detail. The variations of hot carrier effects in SO1 MOSFET with temperature need also a careful evaluation. The aim of this paper is to present a thorough investigation of the floating body effects, the gate and substrate currents, and the influence of body contact in a wide range of temperature (down to near liquid helium temperature), channel lengths (down to 0.2pm) and Si film (down to 20 nm). Fig. 1 shows the transfer characteristics (forward and reverse Vg-scans) for a 0.2pm NMOS SIMOX-MOSFET (4.5nm gate oxide) with a 40nm Si film thickness (enhancement-mode transistor). At 300K (Fig. la) , for a drain bias larger than 3V, a clear latch phenomenon is obtained for small gate biases with a very large leakage current in accumulation. Fig. lb presents the behavior of the same device at liquid nitrogen temperature. A substantial reduction of this parasitic effect is observed up to a drain voltage of 3.5V. Nevertheless, the latch phenomenon is not completely suppressed and can be seen for Vd=3.5V. In for hole collection. However, the action of the parasitic bipolar transistor is not completely suppressed, even in the 77K range ( Fig. 2b) , which demonstrates experimentally the limits of this contact for ultrathin SO1 layers. For a 20nm Si film enhancement-mode N-channel devices, similar improvements of the PBT effects have been found at low temperature. For accumulation-mode p-channel SIMOX-MOSFETs, the improvement of this harmful effect induced by a temperature reduction is not as large as in the case of inversion-mode transistors ( Fig. 3a-b ). This confirms the results previously obtained for low temperature operation of accumulation-mode SO1 MOSFETs fabricated with thicker Si film [4] . A grounded substrate also allows to substantially reduce the latch phenomenon ( Fig. 4a-b ) as in the case of N-channel transistors (Fig. 2) . These interesting behaviors for a cryogenic operation have been attributed to the exponential reduction of the gain P of the parasitic bipolar transistor with reducing the temperature, and to the partial freeze-out of the lightly doped drain and the lightly doped source inducing a decrease of the impact ionization and P, respectively. The study of hot carrier effects is exemplified in Figs. 5-9. Fig. 5 presents the substrate current variations with Vg for a N-channel device at 300 and 77K. At high drain bias, for both temperatures, the PBT action leads to a deviation from the traditional bell-shaped curves. The maximum substrate current is shown for NMOS and PMOS transistors (0.2pm channel length) for various temperatures (Figs. 6,8) . In N-channel SIMOX-MOSFETs (Fig. 6 ), a strong decrease of Ibmax is obtained with reducing the temperature. It has been shown for bulk Si N-channel MOSFETs that the substrate current and impact ionization rate can be reduced at low temperature in the low drain voltage range (Vd<2V) [5-71, this behavior being enhanced with reducing the channel length [g]. In the results presented in this work, the maximum substrate current decreases with reducing the temperature for a drain bias up to 4V. Two different regimes can be observed in these plots. Indeed, the second part of the curves (for Vd>3V), which is especially clear at 77K and 25K, presents a different variation with Vd. This behavior is associated with the parasitic bipolar transistor, which also leads to hot carrier effects, and induces additional impact ionization at high drain biases (Fig. 5 ). In fact, as it has been shown in Fig. 2 , the PBT cannot be completely suppressed with a grounded body contact. These two regimes, impact ionization due to MOS and PBT carrier transport, are clearly illustrated in Fig.  7 for accumulation-mode PMOS devices at 300 and 77K. The first substrate current peak is due to the PBT effect, and the second one is associated with the conventional impact ionization in a MOS channel. It is worth noticing that the effect of a temperature variation is very different between N ( Fig. 6 ) and P (Fig.  8) channel MOSFETs. In this last case, Ibmax is almost constant in the PBT regime, and increases with reducing the temperature in the MOS regime, highlighting different physical mechanisms depending on the channel (N or P), device type (inversion or accumulation), and the operation regime (MOS or PBT). The gate current for P-MOS SIMOX-MOSFETs is also presented at two temperatures in Fig. 9 . This gate electron current is associated with the parasitic bipolar action and is observed in the same gate voltage range as the first substrate current peak in Fig. 7 . The gate current being associated with high energy carrier which overcome the Si/SiO2 barrier height, the drain bias for which the gate current threshold is obtained is significantly higher than that leading to the substrate current threshold (Fig. 7) .
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Conclusion
Floating body and hot carrier effects have been thoroughly investigated in deep submicron Nand Pchannel ultra-thin film SO1 MOSFETs for a wide temperature range. A strong reduction of the parasitic bipolar transistor has been obtained with decreasing the temperature (at 77K) and with a grounded substrate. However, the action of the PBT is not completely suppressed even at 77K with a body terminal. Substantial deviations from the traditional bell-shaped curves have been found for the substrate current in N-and P-channel SO1 devices and have been attributed to the PBT carrier transport. The influence of these special SO1 mechanisms on gate current has also been underlined. Finally, original variations of hot carrier effects as a function of the temperature have been shown and explained by the aforementioned SO1 electrical properties and the differences between inversion and accumulation-mode devices.
